Background: The EFCOSUM (European Food Consumption Survey Methods) Project aims at harmonizing food consumption surveys in European countries within the perspective of an overall Public Health Monitoring Programme. Harmonization implies the need for a common framework of procedures and tools, that are applicable and feasible in all potentially interested countries. A major element in such a framework is the protocol for the operationalization of a food consumption survey, referring to all practical, logistical and material conditions that need to be fulfilled in order to guarantee a successful implementation of such a survey. Objective: The objective of this paper was to review a number of aspects of operationalization of food consumption surveys in detail. On the basis of the currently available knowledge and experience in Europe, consensus recommendations have been elaborated for an operationalization protocol that would be feasible for all European countries. Methods: The EFCOSUM recommendations with respect to operationalization of food consumption surveys in Europe are mainly based on three sources of information, which have been discussed at several ad hoc expert meetings: experience from previous collaborative epidemiological studies, literature searches and results of two questionnaires, distributed among representatives from 23 European countries -all experts affiliated with experienced organizations in the fields of nutrition research and related fields. Results: Consensus recommendations have been set up for the following topics: sampling, recruitment, fieldwork, biomarkers, interviewer qualifications and training and quality control. These recommendations have to be considered the best achievable common denominator within Europe at this time. In a number of cases, recommendations are presented in a hierarchical way, with a gradation from first choice options towards acceptable alternatives. Conclusions: It can be concluded that a high degree of standardization of fieldwork can be achieved within Europe. A number of specific problems and constraints will have to be solved in connection with the conduction of a real survey. These problems include, amongst others, country-specific decisions on, for example, target population, detailed sampling and recruiting procedures, interview setting and support. However, on the whole, these problems can be overcome and the main recommendations presented in this paper are considered feasible for every country in Europe. Application of the EFCOSUM operationalization protocol in European countries will contribute significantly to the quality and comparability of food consumption data across Europe. It is anticipated that the policy supporting and orienting potential of this type of databases -both at the national and at the EU supranational level -will be increased accordingly.
Introduction
The EU Programme on Health Monitoring essentially aims at collecting valid and comparable information on relevant public health indicators across Europe as a basic tool for developing collaborative and intensified strategies to optimize the health of the populations in Europe.
Within this overall framework, the EFCOSUM (European Food Consumption Survey Methods) project was launched in order to harmonize European efforts to collect food consumption data from the general population in the different member states.
For that purpose, relevant aspects of the planning and implementation of food consumption surveys have been discussed on several occasions among experts from all participating European countries in an attempt to outline a set of consensus recommendations for an overall survey protocol (EFCOSUM Group, 2001) .
Of common concern to all the public health monitoring systems in the EU Programme is collection of reliable and comparable data that are assessed in a comprehensive way and that are representative of the populations under study. This can only be guaranteed by creating a framework of complementary procedures and tools (like sampling procedures, recruitment procedures, measurement devices, survey questionnaires, statistical methods, logistical aspects, data management, aspects of quality control, etc) that all have to meet minimal criteria of quality in order to obtain a critical level of validity for the overall survey outcome.
One of the important constituting elements of such a framework is the operationalization of the monitoring system. The term operationalization refers to the overall practical framework of a monitoring system, in this case a food consumption survey. It covers a series of conceptual, organizational, material and logistical procedures that need to be followed in order to go successfully through all the steps of the survey -from drawing the sample up to the delivery of a clean and transparent database with relevant data organized in a standard format.
A number of practical aspects of the implementation can substantially affect the internal and external validity of the survey results. Quite often, a large contrast can be observed between on one hand the meticulous elaboration of methods for improving the precision and accuracy of biological, anthropometric, etc measurements and on the other hand the rather poor attention to practical elements such as sampling and recruitment procedures. Yet characteristics of a study like participation rate, representativeness, quality of data, etc are influenced by a broad variety of practical modalities and decisions that are in varying degrees modifiable.
This paper summarizes the EFCOSUM expert group's main conclusions and recommendations on a number of relevant aspects of operationalization, that can be standardized across European countries in an attempt to improve the overall quality and comparability of studies.
Methods
The recommendations regarding the operationalization of food consumption surveys in Europe presented in this paper were prepared during consecutive expert group meetings, in which representatives from 23 European countries with heterogeneous expertise in the fields of nutrition research and monitoring and related fields were brought together.
Relevant aspects of operationalization were elaborated in detail by an ad hoc working group, were reported and discussed in plenary sessions and were subsequently distilled in the format of consensus recommendations, issued in the final draft of the EFCOSUM Project and summarized in this paper.
It has to be appreciated that a consensus recommendation is not necessarily the best approach from a scientific point of view. In any study or survey, the actual operationalization is the reflection of the outcome of a decision process, in which a compromise has to be found between, on one hand, what is desirable from a pure theoretical, scientific point of view and, on the other hand, what is feasible within the practical context and the budget of the project. This consideration has been taken into account during the EFCOSUM discussions on operationalization. For all topics discussed in detail in this paper, it has been attempted to anticipate on practical, organizational, cultural and budgetary constraints -in individual countries as well as in Europe as a whole -with respect to the implementation of food consumption surveys. The consensus decisions are therefore often to be considered as the best achievable common denominator for Europe. This also explains why, for some of the recommendations, different possibilities are put forward in a hierarchical order, starting from a 'first choice' approach -which is known to be feasible in some countries -and allowing for less valid methods for those countries where the former approach is not feasible (yet).
The EFCOSUM conclusions and recommendations are the endpoints of consensus discussions that were based on three sources of information:
1. Study of the experience of other multi-centre collaborative epidemiological projects in Europe: WHO-MONICA (Kuulasmaa et al, 2000; Wolf et al, 1998) , EPIC (Riboli & Kaaks, 1997) , CALEUR (Kardinaal et al, 1999) , TRANSFAIR (Kardinaal & van Erp-Baart, 1996; van de Vijver et al, 2000) and SENECA (de Groot et al, 1991) . 2. Searches in scientific literature for selected topics. 3. Results of two questionnaires, developed by the ad hoc working group on operationalization, and completed by respectively 23 and 21 representatives from the 23 participating EFCOSUM countries. These questionnaires were non-validated ad hoc instruments, focussed on selected topics related to operationalization of population surveys -some of them specific for food consumption surveys and others not -and completed by the EFCOSUM experts. These experts were scientists from different fields related to food consumption and composition.
The main outcomes from the consensus discussions are highlighted in this paper. The complete list of EFCOSUM experts, a detailed summary with relevant information from European multi-centre collaborative epidemiological projects, the original questionnaires and the full set of answers can be found in the EFCOSUM final report (EFCOSUM Group, 2001 ).
Selected topics with respect to operationalization: background and EFCOSUM recommendations
In the following, a brief overview of the information collected in the EFCOSUM project and the resulting EFCOSUM recommendations are reported for the following topics: sampling, recruitment, fieldwork, interviewer qualifications and training, biomarkers and quality control.
Sampling
The ultimate aim of a food consumption survey is to make inferences on food and nutrient intake for a predefined target population -either the total population or a subgroup of the population -on the basis of a representative sample from that population. Therefore, the sampling procedure must be aimed at obtaining the best possible representation of that population. The different steps in this procedure are the confinement of the target population, the choice of a target frame, the choice of a sampling procedure and the decision on specific a-priori defined exclusion criteria.
(a) The target population. The target population is defined as the population for which inferences will be made on the basis of the actual study results (Last, 1995) . In the context of a European Public Health Monitoring the focus is on the general population and therefore this target population should be the best possible approximation of the population that actually represents a particular country in Europe. However, it appears that the concept of 'the best possible approximation' is not necessarily the same in each country, as shown in Table 1 . Although 12 countries indicated the criterion 'chief residence' as the most important criterion for defining the target population, nine other countries indicated a heterogeneous array of other criteria like language, nationality, private address, etc as the primary criterion.
Moreover, eight countries out of 21 also indicated specific subgroups of the population that were considered as not belonging to the target population. As shown in Table 2 , these decisions are quite heterogeneous and apparently also quite arbitrary.
(b) The sampling frame. The sampling frame is defined as an accessible database, containing an inventory of eligibleand often also ineligible (see below) -individuals, from which a representative sample of potential participants for the study or survey can be recruited. The sampling frame should minimally contain all the individuals from the target population and if it contains subjects not belonging to the target population, these should be systematically prevented from being sampled.
With respect to the quality of the sampling frame, four main characteristics need to be considered (Wolf et al, 1998): 1. The type of sampling frame -for the purpose of general population studies, national population registers seem to be the most appropriate databases. However, Table 3 shows that only 12 EFCOSUM countries prefer population registers. Other databases that are used as a basis for sampling are census data, electoral lists, lists of telephone numbers, lists of addresses based on postal codes and combinations of these. 2. The age of the sampling frame -this refers to the time elapsed between the last update of the sampling frame and the moment of actually drawing the sample. On this point, no information was collected in the EFCOSUM Project. 3. The proportion of 'hidden' foreign elements in the sampling frame (ie individuals who do not belong to the target population and who cannot systematically be prevented of being sampled on the basis of specific descriptors) -for a majority of the types of sampling frames indicated by the EFCOSUM countries, no major problems with respect to foreign elements were reported (NB, the opposite, the proportion of missing elements, ie the proportion of the members of the target population who are not included in the sampling frame, is also very important but such data are mostly not routinely available nor traceable within the context of a population survey). The proportion of foreign elements is used as a general indicator of the accuracy of the sampling frame (Wolf et al, 1998) . 4. The proportion of 'subjects not contactable' -this refers to those subjects with whom no contact could be made during recruitment and for whom no information was available regarding eligibility.
In practice, the sampling frame is an instantaneous crosssectional picture of a specific population, made available to the research team by an official body -mostly statistical offices. In most cases, it is neither complete nor fully upto-date. The actual quality of the sampling frame is moreover mostly beyond control of the research team.
The EFCOSUM group recommends the use of population registers as the first choice for the sampling frame, whenever possible. Alternative sampling frames are census data and electoral rolls (only for adults). In literature, examples can be found of lists of drivers' licences as appropriate sampling frame (Lynch et al, 1994) , but this has not been considered in EFCOSUM.
It should be ensured that all members of the target population are listed in the sampling frame. Moreover, the most recent available list of individuals should be used and all potential efforts to improve the quality of the sampling frame should be undertaken. The time period between the drawing of the sample and the actual fieldwork should always be kept as short as possible.
(c) Single-stage vs multistage sampling. In a single-stage sampling scheme, the sampling is done in one movement and the sampling units are the individuals from the target population. In multistage sampling, different steps in the sampling procedure are consecutively taken, whereby each step is based on a different sampling frame and focused on different sampling units .
A majority of EFCOSUM countries (71%, n ¼ 15), reported that multi-stage sampling procedure was preferred for a food consumption survey, while 25% preferred single-stage sampling. The specific steps in multistage sampling varied greatly (Table 4) .
The decision on single-or multistage sampling mainly has consequences with respect to the adequate representation of specific subgroups or regions of interest in the country. If, for instance, within a given country, the population density between regions of interest varies greatly, it seems preferable to do a multistage sampling in which the level of the regions is one of the intermediate steps, so that every region of interest would be represented with the critical number of individuals needed to obtain the desired precision in the estimates. In the same context, it seems in general to be logical that, if the level of towns=villages is used as one of the Table 4 Consecutive steps in multi-stage sampling in 15 European countries
Step 1
Step 2 Step 3 Step 4 Apart from these general recommendations, every country will have to decide which procedure can best be used, taking into account the overall context of the choice of the target population and the relative importance of specific subgroups and=or regions within the country.
(d) Exclusion criteria. The exclusion criteria are a set of predefined characteristics, on individual or aggregated level, that are used as a filter during the sampling procedure in order to avoid the presence of so-called 'foreign elements' (ie individuals who do not belong to the target population) in the final sample. In EFCOSUM, the following characteristics are considered exclusion criteria: children under the age of 10, institutionalized individuals, individuals unable to speak a number of a-priori defined languages, and individuals who are physically or mentally not able to take part in the screening activities.
Subjects can be excluded either during the actual drawing of the sample from the sampling frame or during the recruitment. The former is conditional on the availability of descriptors for individual characteristics in the sampling frame (mostly possible for age, sex, region and potentially some other a-priori defined criteria). Exclusions during recruitment relate to errors in the sampling frame and to characteristics that are not identifiable in the sampling frame.
(e) The actual sampling Once the target population has been defined and decisions have been made regarding exclusions and single-vs multistage sampling, the actual sample can be established.
The model proposed by EFCOSUM is an age-and sexstratified sampling (Volatier et al, 2002) . It is recommended that the number of individuals drawn per stratum would be a multiple (eg four-fold) of the required number in view of the substitution of refusals and ineligibles at a later stage (see below). 'First choice' individuals are drawn at random, while the potential substitutes are matched to the first choice subjects for age, sex and region (and possibly other matching variables).
As the fieldwork would be spread over a period of 12 months to adjust for seasonal variation, it is recommended that not all individuals would be drawn at the same time but that the total sample would be established on the basis of several sampling procedures (preferably repeated once every trimester), provided of course that sampling frame updates in the meantime are carried out.
Recruitment
The recruitment constitutes the bridge between the sampling and the fieldwork. The success rate of the recruitment procedures is probably the most crucial point in the perspective of getting a good representation of the target population and hence the external validity of the study results. This success rate is also intuitively associated with the notions of 'non-response' and of 'participation' and the mathematical expression of that in a 'participation rate'. The latter is calculated as the proportion of A to B, where A is some reference to the respondents and B is some reference to the sum of responders and the non-responders. However, looking somewhat more closely, the picture becomes rather more complicated.
The concepts of participation and non-response have been interpreted in different ways and this often causes confusion (Barriball & While, 1999; Kviz, 1977) . Nonresponse can theoretically occur at three different stages of the research process, namely at the stage of sampling, at the stage of recruitment and during data collection. Nonresponse at the stage of sampling occurs when the sampling frame is incomplete, ie subjects who actually belong to the target population are not listed in the sampling frame. This problem is related to the quality of the sampling frame as described above. Non-response due to explicit refusal by a subject who was invited to participate is the most classical notion of non-response and in most cases also the most frequent one. Non-responders should be clearly distinguishable from ineligibles, eg due to migration or decease. A final form of non-response can occur at the level of the actual fieldwork if a respondent, who was actually prepared to take part in the study, fails for whatever reason to deliver one (or more) of the requested study items (answers to questions, biological material, etc). These different sources of 'gaps' in the study results have of course very different origins and therefore can be tackled in different ways. It is therefore perhaps better to also make some distinction in semantic terms. Elliott (1991) suggested refering to these different sources of incompleteness as respectively 'non-coverage', 'unit non-response' and 'item non-response'. This allows clear definitions to be made and ambiguity avoided in the communication. The problem of 'non-coverage' has been discussed above (Sampling). The problem of 'item nonresponse' will not be dealt with in this paper.
In the following, some aspects of 'unit non-response', their determinants and some recommendations aimed at optimizing response rates and representativeness will be elaborated in more detail.
(a) Contact procedures. From Table 5 , it can be concluded that the way in which countries in Europe establish the formal contact with potential respondents for a nationwide nutritional survey shows quite a heterogeneous picturealthough of course based on the three elements 'letter', 'phone call' and 'home visit'. In almost all countries, the first initiative is a letter sent to respondent's home, followed by either a phone call or a home visit or both. In general, there seem to be little legal or ethical limitations in Europe with respect to the number of times or the modality of contacting people for research purposes, a notable exception Operationalization of food consumption surveys in Europe S De Henauw et al of course being the fact that in most countries an informed consent has to be given by respondents.
The recommendation of the EFCOSUM expert group is to start with an invitation letter. This should be accompanied by an informed consent, developed according to the prescriptions of the local ethical committees. It is further advised that the invitation letter would describe the perspective and the context of the survey in such a way that it will stimulate people to participate. This approach cannot be standardized across countries and the responsible scientists within each country have to decide whether or not the mentioning of specific institutes or individual names is likely to stimulate participation. For instance, the umbrella of the European context in the invitation letter might in some countries on the whole rather stimulate people to participate, whilst in others it may have an adverse overall effect.
(b) Eligibility, participation and substitution. Within EFCOSUM, it was agreed that an individual is called 'eligible' if he=she meets all the inclusion criteria for the survey and is physically and mentally able to take part in the screening activities. In parallel with the exclusion criteria, the eligibility can be evaluated at the level of sampling and again at the level of recruitment.
The outcome of the recruitment procedures can theoretically follow four main scenarios:
1. The invited person answers and expresses willingness to participate. 2. The invited person answers and expresses refusal to participate. 3. The invited person doesn't answer because he=she has died or moved out of the region.
4. The invited person does not answer and no information can be traced by the research team, even after several attempts.
Scenario 1 doesn't seem to require any further comment for proceeding to the actual screening. However, at this stage, ineligible subjects who have not been filtered during sampling have to be excluded and substituted (see below). This will in most countries apply to the group of institutionalized persons, subjects who are unable to speak one of the a-priori defined languages in a particular country and individuals who are for physical or mental reasons unable to take part in the actual survey examinations. In case of scenario 2 (refusal for participation) it is advised to contact the individual again (provided that there is no legal constraint), either by phone or by letter, in order to get the reasons for non-response and a number of socio-demographic data from this individual that might be useful in comparing the responders with the non-responders (classical non-responder survey).
Scenario 3 can potentially cause serious problems with respect to the representativeness of the actual sample. This relates to the quality control procedures that are being followed by the official body that collects the data for the sampling frame. The older the age of the sample, the larger the proportion of individuals who do not belong to the target population anymore due to death or migration. If these subjects are not substituted in the sample, the number of respondents will accordingly be reduced and, moreover, it is likely that a selection bias is introduced as mortality increases with age and as factors related to migration can also cause selection bias. These phenomena will moreover be different between countries (as the age and quality of the samples will differ between countries) and hence the comparability is affected. The problem is further aggravated if the time between the drawing of the sample and the actual screening is large and different between countries.
In the case of scenario 4, individuals are considered to still belong to the target population, but can simply not be traced on the basis of the predefined contact procedures. Examples of this are sailors who have an official address which is, however, checked only few times a year for mail. This scenario can also sometimes cause a substantial decrease in number of individuals in the sample if the proportion of official residences in a country or region is relatively high (eg for tax reasons). Therefore, just like under scenario 3, substitution may be advised.
The EFCOSUM recommendation is to substitute all ineligible individuals with other individuals from the sampling frame in order to guarantee the required number of subjects per predefined stratum of the population. For the purpose of substitution, matching should be done for gender, age and region, but other relevant matching variables can be used as well.
The subjects described above under scenario 4 can strictly speaking not be considered as 'ineligible' and for these individuals it is considered optional whether or not they It can be expected that the proportion of ineligibles can vary across countries, but will in most cases be rather small. In this regard, the problem of ineligibility contrasts with the problem of formal refusals. Refusal rates in population-based studies can be very substantial and can largely fluctuate over time and space and the determinants of this are only poorly understood.
Refusal induces two main problems, namely on one hand the potential introduction of selection bias in the study population and some loss of representativeness, and on the other hand the deviation from the a-priori defined required sample size and the consequences of that on the precision of the estimates.
With regard to the problem of refusal and its potential effect on the size of the study population, two strategies can theoretically be followed. One strategy could be to anticipate the expected participation rate on the basis of previous population studies in the country and use this information as a weighting factor for decisions on oversampling in order to come to the required number of individuals (eg if a participation rate of 50% is expected, twice the required number of individuals would be sampled and invited to participate). However, the main problem with this procedure is that participation rates can vary across different subgroups of the population and across different studies -also within the same country. The result of this is that the actual number of participating individuals can actually differ quite substantially from the predefined sample size, in both directions, and that the number of individuals in the different strata can be quite unbalanced.
An alternative procedure -proposed by EFCOSUM -is to start from a pool of individuals, consisting of a matched multiple (fourfold) of the required sample size. Refusals from the batch of 'first choice individuals' would be replaced by 'matched alternatives' (matched for age, sex, region and possibly other variables) and this process can progressively be repeated until the required sample size is reached.
The latter procedure is considered to be the first choice within the perspective of harmonization of food consumption surveys on European level as it guarantees the best approximation of the predefined sample size and balance between different strata, while only a minimal, if any, further induction of selection bias is expected to occur.
However, it is appreciated that the actual sampling procedure within each country is conditional upon a number of practical constraints with respect to availability and quality of databases that can be used as sampling frame and with respect to collaboration with existing structures or survey programmes within the country. Therefore, alternative procedures and other variations on that theme can of course be valid to the extent that the ultimate goal of coming to the predefined sample size is taken into account in a scientifically justifiable way.
For the calculation of the participation rates, the numerator contains all actual participants and the denominator consists of all subjects that have been contacted for participation -either as 'first choice' or subsequently as 'matched alternative' -minus the ineligibles.
(c) Incentives. For a dietary survey it is essential to aim at high response rates in order to avoid non-response bias and achieve stable estimates. The use of incentives may have a positive effect on response. Studies on the effect of incentives in dietary surveys using face-to-face interviews have not been found, but a few data were available from epidemiological health surveys carried out by mail.
Money and lottery tickets were most commonly used. Monetary incentives were found to have a positive effect on response rates (Gibson et al, 1999; Gilbart & Kreiger, 1998; Perneger et al, 1993; Spry et al, 1989) . The magnitude of the effect usually was dependent on the level of the reward (Collins et al, 2000; Shaw et al, 2001; Spry et al, 1989) , except for one study (Gibson et al, 1999) in which both rewards were rather small ($1.00 and $2.00). The amount of money provided differed between $1.00 and $25.00. A financial reward can be provided beforehand together with the questionnaire or promised on completion of the questionnaire. The latter method seems to have the highest effect on response and is more cost-effective (Collins et al, 2000; Spry et al, 1989) .
Lottery tickets had a less consistent effect on response rates. Two studies found a positive effect (Johansson et al, 1997; Kalantar & Talley, 1999) , whereas one study found only an effect on early but not on total response rates (Marrett et al, 1992) and one study did not find a significant effect of lottery tickets as only incentive, but only in combination with either a reminder card or a shortened version of the questionnaire.
Little is known about the effect of incentives on the quality of data provided by the respondents. Two studies did not find a difference in the quality of the data collected with or without a reward or with different levels of reward ( Johansson et al, 1997; Shaw et al, 2001) .
The Efcosum questionnaire indicated that, in 18 out of 23 countries in Europe, it is common practice to use incentives for population surveys. The types of incentives used vary across countries, ranging from presents, money and lottery to offering medical examination and presenting study results.
Since relatively few evidence is available about the application and effectiveness of different types of incentives in dietary surveys with face-to-face interviews, it is recommended that this would be tested first in a pilot study.
Fieldwork
(a) Dietary assessment. The 24 h recall was chosen as the preferred method for assessing the diet. In order to be able to estimate intra-individual variation in food intake, the recall Operationalization of food consumption surveys in Europe S De Henauw et al should be repeated at least once (Biró et al, 2002) . This has implications for the design with respect to the setting and the selection of days for the interview.
A majority of European representatives (13 out of 21) preferred a home visit as the first choice to collect valid dietary data. A visit at home offers the advantage of having the opportunity for specific measurements (eg household measures) and of access to packages of specific foods at home -if needed. However, the conduction of interviews in a central research unit is considered an acceptable, and indeed probably more cost-efficient, alternative by the EFCOSUM expert group.
It is recommended that both the first and the second interview should be carried out face-to-face. However, if feasible and valid, a telephone interview could be acceptable, but only for the second interview. Several studies have shown that telephone-administered and face-to-face 24 h recalls yield comparable data (Casey et al, 1999; Tran et al, 2000) . However, the validity of telephone interviews in comparison to face-to-face interviews should be evaluated more carefully, especially in countries with limited experience. Telephone interviews might be a cost-effective data collection method, especially in countries or areas with a low population density, provided that there is good telephone coverage. The EFCOSUM questionnaire has revealed that fixed telephone coverage for households varies from almost 70% to less than 100%. Mobile telephone coverage on individual level varied from 9 to 80%.
It is advised that all days of the week would be equally represented in the survey in order to account for day-to-day variation in food consumption. Solvoll et al (1987) found that meal pattern and consumption on the Saturday differed from that of the weekdays, eg lower consumption of potatoes and a higher consumption of beverages. In a German study, Mensink et al (2001) reported a substantially higher alcohol intake on Fridays and Saturdays. Most EFCOSUM participants indicated that food consumption on weekend days is different compared to weekdays. At the same time, it was reported by many representatives that it is less feasible or even impossible to carry out a face-to-face interview on a Sunday or a Saturday (Table 6 ).
An alternative would be to collect data for Saturdays and even for Fridays on the Monday. Results from studies in the Nordic countries indicate that data of a subject's food intake on, for example, Saturday could be obtained by interviews on the following Monday to Wednesday (Solvoll et al, 1987; Räsänen et al, 1981 Räsänen et al, , 1985 Räsänen et al, , 1991 . Räsänen et al used 48 h recalls to measure food intake in children and adolescents and reported that the children were able to remember their food consumption equally well for both days (Räsänen et al, 1981 (Räsänen et al, , 1985 (Räsänen et al, , 1991 . Another alternative could be to collect data for Saturdays on the basis of a telephone interview on Sunday (provided that the telephone interview has proved to be a valid alternative and telephone interviews on Sunday are acceptable for subjects). The same applies, mutatis mutandis, to the problem of the Friday.
Both methods (face-to-face on Monday or telephone on Sunday) might introduce a bias, but this disadvantage is outweighed by the advantage of being able to correct for different dietary habits on different days of the week.
The EFCOSUM expert group recommends conducting face-toface interviews on Sundays as well, where possible. However, when this is not feasible either face-to-face recalls on Monday or telephone recalls on Sunday can be an alternative to cover food intake on Saturday.
Food consumption surveys should try to account not only for intra-individual variation but also for seasonal variation. Intra-individual variation may moreover vary over seasons. On the basis of two 24 h recalls, this complex picture cannot be fully covered and some compromise should be envisaged. Short periods between two interviews induce a risk of changes in reported behaviour due to a 'learning effect' (Willett, 1998) . Long periods between the two interviews, on the other hand, increase the risk of dropout.
It is therefore recommended in EFCOSUM that the period between the first and the second interview should be at least 1 month and not more than 6 months and that different weekdays are covered. The allocation of days of the week to the subjects should ideally be randomised and be equally spread over all days of the week.
The subjects should be informed about the general objectives of the survey. However, in order to avoid bias, they should not be informed on beforehand about the fact that he or she will be asked about the food consumption of the previous day.
(b) Standardization of the recall. The 24 h recall should be performed in a standardized way. Several authors have described the selection of procedures and tools for 24 h recalls (Callmer et al, 1986; Cameron & van Staveren, 1998) . One example is the work of the NORKOST group, who published a manual on guidelines for standardization of 24 h recall (Callmer et al, 1986) .
In the context of the multi-centre European prospective investigation on nutrition and cancer (EPIC), a software programme, the EPIC-SOFT, has been developed for computer assisted face-to-face 24-hour recall interviews (Slimani et al, 1999 (Slimani et al, ,2000 . This tool allows for a highly standardized collection of food consumption data and has been validated already for 11 European countries (Slimani & Valsta, 2002) . However, some additional modifications will be necessary in order to adapt the software to the specific EFCOSUM context. For countries currently not included in EPIC, new Operationalization of food consumption surveys in Europe S De Henauw et al country-specific versions would have to be developed, which is a time-consuming and expensive action. Moreover, some countries already have their own software to collect 24 h recalls and would probably be reluctant to change this. It is therefore recommended that the EPIC-SOFT would be a 'first choice' instrument to collect 24 h recalls in all European countries. However, alternative software and=or manual methods can be acceptable, provided that necessary modifications are carried out in order to optimise comparability with the EPIC-SOFT.
(c) Quantification of portion sizes. In EFCOSUM, the use of a picture book is recommended as the basic tool for assessing portion sizes in a 24 h recall (Biró et al, 2002) . It has been reported that factors like the size of the images and the number of food items and portions included can affect the overall accuracy of the estimations (Nelson et al, 1998a,b) .
Most of the EFCOSUM representatives have reported to have national picture books and=or portion guides. The number of foods in picture books varies between 24 and over 200 foods with one to eight different portion sizes per food item.
To the extent that EPIC-SOFT is used for the 24 h recalls, it is also recommended to use the picture book, which has been specifically developed for the EPIC study. However, the use of other validated tools can be acceptable. It is however strongly recommended that these would meet the following criteria:
at least four portions for each food item; inclusion of a ruler in the picture; fixed format and size of all photographs.
If telephone interviews are conducted, the picture book should be sent to participants beforehand.
Biomarkers
For some nutrients, eg iron and iodine, it would be extremely helpful to measure biomarkers as monitoring tools (Bates et al, 1997) . However, collection of biological material necessitates special logistical conditions, special safety needs and increases the risk of non-response (Crews & Hanley, 1995) . This is also indicated by the results of the second questionnaire; most countries reported that collection of biological material would substantially decrease participation rates.
Therefore, it is recommended to measure biomarkers in the context of other public health monitoring systems that are dealing with collection of biological material.
The EFCOSUM recommendations with respect to the choice of biomarkers and their collection are elaborated in detail elsewhere (Ovesen & Boeing, 2002) .
Interviewer qualifications and training
It is generally accepted that field-workers in epidemiological research have to be qualified and trained in order to guarantee completeness and accuracy of data collection. Experienced interviewers in general may have advantages above dieticians and nutritionists with respect to improving response rates and interview techniques in general. The dietary knowledge of dieticians=nutritionists, however, is very important for the quality of the dietary data. It appears to be easier to train dieticians=nutritionists on interview experience, than to train experienced interviewers in general on nutritional knowledge (GFK Nederland BV, 1998). Therefore, it is recommended that the interviewers have a sufficient nutritional background, preferably graduate dieticians or nutritionists (or students in the final stage of their nutrition studies). This is already common practice in most of the European countries. If this is not possible, alternatively home economists or other skilled interviewers can be trained as dietary interviewers. In order to reduce errors or missing information in the databases and to improve overall quality of data, this training should, amongst others, be aimed at improving knowledge of food products characteristics, household measures, preparation procedures (recipes), national food habits, etc.
An intensive training of the interviewers is important for several reasons (Turrini, 2000; GFK Nederland BV, 1998) like motivation, standardization and optimal quality of the results. If EPIC-SOFT or another similar software program is used for the data collection, the interviewer should be trained in using this program.
All procedures should be described in a training manual for the interviewers. In order to assure standardization between countries, an international training workshop should be organized by the coordinating centre (see below). Participants from all countries should further disseminate their knowledge to other fieldworkers in the country.
The training of interviewers with nutritional background will take about 2 -4 days (Slimani et al, 2000; GFK Nederland BV, 1998) . Organization of regular return meetings with all the interviewers during the fieldwork is recommended (eg four times a year), in order to reinforce motivation and to review some points of interest raised during the course of the fieldwork at that stage.
Quality control
Quality control is of outmost importance at different stages of a food consumption survey: sampling, recruitment, data collection, data entry, data management, data analyses and reporting. Quality control should be supervised by one or more national coordinating centres.
(a) Data collection. As described above, EPIC-SOFT is recommended as first choice. If EPIC-SOFT cannot be used, the EPIC-SOFT algorithms for standardization and data control should be applied. Existing other software for interactive Operationalization of food consumption surveys in Europe S De Henauw et al data collection should be modified according to EPIC-SOFT quality standards.
If a traditional manual method is used, a uniform layout for interview forms with a standard structure of food consumption occasions should be developed. This has to be accompanied by a detailed manual with written instructions on identification, description and quantification of foods and recipes and on the verification of completeness and consistency during the interview.
In EPIC-SOFT, food coding is done automatically. In a traditional manual method, coding instructions should be developed (food codes and classification system; lists of weights of foods; correction factors for inedible parts, conversions from raw to cooked, etc).
Interviewers should be intensively supervised by one or more fieldwork supervisor(s). Bilateral interaction between supervisor(s) and field-workers should be formalized in order to establish continuous follow-up of the quality of data collection and to ensure problem-solving mechanisms (with respect to the data collection and coding). It is advised that (at least a random selection of) the interviews of each interviewer are checked and that positive as well as negative feed back to the interviewer is given on a regular basis. It is further recommended that a random selection of the participants is contacted (by telephone or mail) to check whether specific aspects of the fieldwork (eg uniform distribution of days) were carried out adequately.
(b) Checks on the data set. If EPIC-SOFT is used, data-entry is done interactively during the interview and checks and coding are performed automatically. If a traditional manual method is used, usually the data will be coded and entered after the interview. Checks on coding and data entry errors have to be performed. The main focus should be on completeness, correct codes and possible outliers.
After the checks are performed, and necessary corrections are applied, nutrient intake can be calculated. The results of the nutrient intake should be checked on (extremely) high or low values according to age group as well. These checks should be performed per country by the supervisor of the data collection. In case of doubt regarding food=nutrient intake values, the data should be reviewed together with the field-worker. In addition, specific questions with respect to outliers should be discussed with the coordinating centre (see below).
It is also recommended to check on differences between interviewers. This can be based on mean energy intake and should be adjusted for potential confounders such as gender, age and physical activity of the subject (Slimani et al, 2000) .
(c) Coordinating centre. It is highly recommended that a coordinating centre for Europe should be established. Such a reference centre for food consumption surveys within Europe would be responsible for overall co-ordination and standardization, training, quality control procedures, data manipulation and exchange and communication between individual national coordinating centres.
The reference centre would also be responsible for the elaboration of an overall manual of operation, in which all aspects of the food consumption survey (sampling, recruitment, fieldwork conditions, data collection, data processing and calculation, etc) would be outlined in the greatest possible detail. It would further be responsible for tailoring this overall protocol to national formats, taking into account specific constraints for each country.
The coordinating centre has also a pivotal role in standardization of the quality control procedures. A copy of country-specific dietary data would be transferred to the coordinating centre in fixed formats. The coordinating centre would perform an overall standardized check on completeness, consistency and outliers and would -in consultation with database managers from all participating countries -be responsible for pooled data analyses.
Such a reference centre would further play a role in the production of uniform output and presentation of survey results and for communication with other European public health monitoring systems and fusion of databases.
The coordinating centre would also serve as an interface for communication between countries and specific structures within the European Commission.
Specific issues for other age groups
All aspects with respect to the operationalisation of a European Food Consumption Surveillance as discussed in the previous sections, have been mainly focussing on adults. For children and the elderly some adaptations might be necessary, especially for children below 15 y. However, these practicalities have not been discussed in a similar detail within the EFCOSUM project.
Discussion

General issues
The data presented in this paper are based on the results of questionnaires completed by representatives from 23 European countries, on literature search and on experience from other collaborative population-based surveys. More detailed information on the questionnaires, the people who completed them and the specific references to other European studies can be found in the EFCOSUM final report (EFCO-SUM Group, 2001) .
The recommendations put forward by the EFCOSUM group of experts are a reflexion of a momentum of available knowledge and expertise within this ad hoc working group, but do have some unavoidable limitations. Although most of the recommendations are based on consensus among the EFCOSUM members, it is likely that they do not fully reflect the overall available experience and opinion in Europe on all the details of the operationalization. Minor, or even major, modifications might have been suggested if other experts had been involved.
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Moreover, it is simply impossible to take into account all practical aspects, problems and constraints that are generally encountered in the context of setting up and implementing a population survey. Finally, there is still room for interpretation within the recommendations put forward here. For instance, the notion of 'being physically and mentally able to take part in the screening examinations' (one of the reasons for ineligibility) is not a universal definition and it is at the same time not possible to provide an exhaustive list.
Standardization and harmonization of practical aspects of health monitoring programmes across countries faces a number of difficulties. A number of constraints originate from the mere fact that there are differences between countries in domains like accessibility of databases (eg some countries have a continuously updated population register while others do not) or like legal and=or ethical aspects with respect to privacy (eg in many Scandinavian countries researchers have access to a wide range of data on individual level, which are protected under 'privacy laws' in many other European countries).
Apart from this, it also seems obvious that the strive for an optimal harmonization should never encompass a reduction of the overall quality of the data in any individual country. If for instance, in one country practical administrative, ethical, legal or any other aspects make it likely that the participation rate or representativeness would usually be lower than in another country, it cannot be expected that the latter country adapt to conditions that would reduce the potential maximal quality of the results of their health monitoring programme. In other words, it has to be accepted that differences in quality of data are to a certain extent unavoidable and conditional on a number of cultural and organizational differences between countries in Europe.
This consideration has been taken into account whilst establishing the conclusions and recommendations for the operationalization of food consumption surveys in Europe. It explains why, for some of the recommendations, different possibilities are put forward in a hierarchical order, starting from an ideal approach, which is known to be feasible in some countries, and allowing less valid methods for those countries where the former approach is not feasible (yet).
Other collaborative efforts in Europe have tried to improve the standardization and harmonization of specific aspects of food consumption surveillance, such as Eurofoods, Infoods, COST99, DAFNE, EUROFIR, EURODIET, etc.
The recommendations from EFCOSUM are not in conflict with any of these initiatives but should be considered complementary.
On the other hand, it should be clear that the set of recommendations regarding operationalization of food consumption surveys within Europe as put forward by the EFCOSUM expert group is applicable only to the specific context of the complete constellation of the other recommendations that have been issued by the EFCOSUM project. As an example, the choice of a (repeated) 24 h recall as the standard procedure for dietary assessment has had an influence on specific aspects of operationalization. Any country that would decide to use another methodology would have to adapt the operationalization accordingly. The influence of any deviation from the EFCOSUM protocol as a whole on the validity of the operationalization procedures of a given survey has not been discussed.
Since a number of aspects of operationalization are likely to have varying degrees of applicability and usefulness in different countries, it is highly recommended for every member state to carry out a pilot study prior to the actual survey, in which the procedures can be tested. The design of this pilot study should be mainly focussed on aspects of operationalization that have the highest degree of uncertainty for that particular country.
Likewise, in an attempt to get an idea of potential selection bias, a non-responder survey, in which a minimal set of socio-economic variables is surveyed, is strongly recommended.
For most public health indicators, the current situation in Europe is that monitoring systems are either non-existant at the national level or are only poorly comparable across countries due to differences in design, settings, methods, measurement tools, duration, presentation format, etc (Brussaard et al, 2002) . The European Public Health Monitoring programme, of which the EFCOSUM project is one element, has been launched in an attempt to tackle this problem.
The perspective is to elaborate, for each set of indicators, standardized monitoring systems that can be implemented in a comparable way in every EU member state, thereby taking into account specific constraints imposed by differences between countries. Most aspects of these monitoring systems have to be tailored to the specific nature of the health indicator(s) under consideration and the specific conditions and scientific criteria to measure them in a valid way. The operationalisation of a monitoring system, however, is in many ways independent of the nature of the data that are collected. Hence, the operationalization of food consumption surveys should be able to, at least partially, follow a common pathway with all the EU public health monitoring systems in order to guarantee the establishment of databases that can be merged and integrated into a more complex system of aggregated health indicators and policy supporting instruments.
Indeed, the ultimate aim of the European Public Health Monitoring programme is to use data from different panEuropean projects as a starting point for developing strategies to improve public health in all European countries. Therefore harmonization should be strived for not only across countries, but to some extent also across monitoring projects and this is a-fortiori the case for the operationalization aspects of these monitoring programmes. If, for instance, in one project a different sampling procedure is used than in another, this may affect the validity of putting together data from different monitoring programmes in a joint perspective of public health monitoring.
It is therefore hoped that the conclusions and recommendations summarized in this chapter may also contribute to a fine tuning of operationalization aspects across different monitoring programmes in Europe.
Specific issues
The definition of the target population, which has been shown to vary across countries, has to be decided by the scientists who are responsible for the food consumption survey in any given country. The decision on the target population has consequences for the sampling frame that will be used for drawing the actual sample of potential respondents for the food consumption survey.
The availability of good quality and comparable sampling frames across European countries is apparently a major problem with respect to the quality of population-based research and monitoring programmes. This has been illustrated previously by the results of quality control procedures in the WHO MONICA Project (Multinational MONItoring of Trends and Determinants in CArdiovascular Diseases; Wolf et al, 1998) . In this global project on CVD incidence and risk factors, multiple population surveys have been carried out in more than 15 European countries (Kuulasmaa et al, 2000) . On the basis of a so-called 'sampling frame quality score', it has been convincingly demonstrated that there is, also within Europe, an important heterogeneity with respect to the quality and availability of demographic data as a basis for sampling the general population. It was concluded that only about 40% of the sampling frames were of good quality, and 25% were clearly of poor quality. This originated mainly from the fact that there is no standardization among European countries as far as the collection and updating of demographic data is concerned (Moltchanov et al, 1999) .
This heterogeneity was also confirmed by the second EFCOSUM questionnaire, which made it quite clear that standardization of the type of sampling frame is at present not feasible in Europe. Moreover, it is suggested that even within the same type of sampling frame, differences between countries exist in the quality, completeness and update of these sampling frames.
The definition of the term 'ineligible' can vary across studies and this has repercussions on the respondent and non-respondent fraction. The origin of the variations lies predominantly in the decision whether or not the 'ineligible fraction' should include also the subjects that were in the sample but who could not be contacted for the actual survey. If the sampling frame includes a large number of 'foreign elements' and there is no way to identify such individuals, the response rate will indeed be under-estimated, because subjects who are ineligible become classified as nonrespondents.
The term ineligible refers in general to the presence of individuals in the actual sample, who cannot be interviewed for reasons other than a formal refusal. The definition of it can, however, be different from one study to another. In the WHO-MONICA Project for instance, it referred only to individuals who died or moved in the period between sampling and contact, while other categories of individuals were labelled as 'not contactable'. These types of categorizations of individuals in the context of standardization across countries have complications, for instance, for the calculation of the participation rates and the overall evaluation of the quality of the sampling procedures in different countries.
Conclusions
The main EFCOSUM recommendations with respect to operationalization of European food consumption surveys can be summarized as follows.
In every country, the target population should be unambiguously defined and form the basis for the choice of the sampling frame. For the latter, a number of important quality criteria should be taken into account. Special attention should thereby be given to the age of the sampling frame and the presence of foreign elements. In general, the first choice is a population register. It would be of great interest to standardize population registers across European countries.
Decisions on sampling procedures have to be guided by local considerations on variations in population densities and distributions of subgroups of interest across regions. Sampling should be spread over the whole survey period of 1 y, preferably on the basis of 3 month intervals.
Recruitment has to be carried out with a view to the highest possible participation and the lowest possible selection bias, taking into account local legal, practical, ethical, cultural and traditional considerations. Incentives of different kinds can thereby be useful, but their efficacy should be tested first.
Ineligible subjects (as defined in this paper) should be substituted with matched analogues in order to obtain the pre-defined sample size per pre-defined stratum. The 24 h recall should be done in a standardized way and preferably based on the EPIC-SOFT tool. A standardized picture book, adapted to local food availability, should be used for the estimation of portion sizes.
The first and second 24 h recall interview should preferably be done in a face-to-face setting. A telephone interview is, however, an acceptable alternative for the second interview, especially in areas with low population density, provided that there is high telephone coverage. All days of the week and the four seasons should be equally represented in the total survey and should be randomly distributed over all strata.
Interviews should be done on each day of the week, but interviews going back to the 'day before yesterday' are also acceptable. The two days for the interview should be allocated to an individual on a random basis and the time between the two interviews should be at least 1 and at most 6 months. The fieldwork should not include collection Operationalization of food consumption surveys in Europe S De Henauw et al of any biological material. Interviewers should preferably be dieticians and should be specifically trained for the purpose of this monitoring activity. A local protocol should be elaborated and describe all steps of the fieldwork in detail. A-priori defined quality control procedures should be carried out on different levels (data collection, data input and data analyses). A pilot study should be carried out in order to clarify the feasibility of specific aspects of operationalization for which a high degree of uncertainty exists. A non-responder survey should also be done in an attempt to assess selection bias.
A national coordinating centre should be in communication with a European coordinating centre for overall planning, standardization of fieldwork, data analyses and data reporting.
In summary it is concluded that a pan-European survey is possible at a sufficient level of quality as to the standards of the state-of-the art science.
